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The present invention relates to a process, for the preparation of silicon-bridged metaBocene 
compounds. These metallocenes are useful as catalyst components, e.g. in the polymerization, 
oligomexization and hydrogenation of olefins, in association with alumoxanes and/or 
compounds able to form alkylmetallocene cations. 

Homogeneous catalytic systems based on metaJlocenes in association with an aluminum alkyl 
compound or an alumoxane are well known in the state of the art and are widely used in the 
polymerization reactions of olefins. 

When the sigma ligands of the central metal atom are alkyl or aryl groups, the above 
metallocenes are usually obtained according to a process comprising the following steps: 

1) preparing the metallocene dihalide, usually the metallocene dichloride, by reading suitable 
ligand/$ with MXj, wherein X is halogen (usually TiCl 4 or ZrCLO; 

2) converting the metallocene dihalide obtained in step (1) into the corresponding dialkyl or 
diaryl complex, by substitution of the halogens linked to the metal atom with the desired 
alkyl or aryl groups, by means of an alkylating agent such as alkylUthium, 
dialkylmagaesium or the corresponding Grignard reagent. 

Nevertheless, the above metallocenes can not be expediently synthesized by the existing 
methodology; in feet, prior art processes imply always the synthesis of lhe metallocene 
dihalide, that is subsequently transformed into the target product, thus leading to unsatisfactory 
total yields and requiring at least two process steps. 

WO 99/36427 discloses a process for the preparation of a dialkyl or monoalkyl metallocene 
compounds that comprises the following steps: 

1 . contacting the cyclopentadienyl ligand with at least 4 equivalents of an alkylating agent; 
and 

2. contacting the reaction mixture with a metal halide of formula MX4, wherein X is 
halogen (usually TiCL* orZrCU). 



WO 99/36427 identifies four -temperature ranges-for~- the- four-different phases- of -the-- 



process, secifioally: 

phase 1) the addition of the alkylating agent is carried out within a preferred temperature 

range of from -80°C to -20°C; 
phase 2) the alkylating agent is allowed to react within a preferred temperature range of 



fr 0m _i0°<2 to 4-80 Q G;morc-preferably-atroom1:emperature; 
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phase 3) the addition of the metal halide is done within a preferred temperature range of 

from -B0°C to -70°C; and 
phase 4) the metal halide is allowed to react within a preferred temperature range of 

from -50°C to 0°C 

hi the examples only carbon-bridged metallocenes were synthesized and step 1) was carried 
out in a single addition of the 4 equivalents of alkylating agent. 

The temperatures used in the examples of WO 99/36427 are not of industrial interest 
Moreover, as shown in the present comparatives examples, this process, when used for 
synthesizing silicon-bridged metallocene compounds, gives rise to yields that are not 
completely satisJ&ctory, and when applied to ligands having a particular structure, gives rise 
to the formation of monohalyde monoalkyl derivatives as undesirable by-products. 
In "Inorganic Chemistry" 2001, 40, 6588-6597 higher temperatures have been used for 
obtaining carbon bridged metallocene compounds, but the alkylating agent is always added 
in a single addition. . 

Thus it would be desirable to provide an industrial process that permits to obtain silicon- 
bridged metallocene compounds in higher yields. 

It has now been found that by a proper selection of the temperatures and by adding the 
alkylating agent in two steps, it is possible to improve the yields of this process. 
Thus the present invention relates to a process for preparing silicon-bridged metallocene 
compounds of formula (I): 



wherein (SiR^) is a divalent group bridging the two Cp rings, the R* groups, equal to or 
different from each other, acre hydrogen atoms, or a linear or branched, saturated or unsaturated 
C1-C20 alkyl, C3-C20 cycloalkyl, Q5-C20 aryl, C r C2o alkylaryl or C7-C20 arylalkyl group, two 
R 1 can optionally join to form a 3-7 membered ring; 

group, optionally condensed to one or more substituted or unsubstituted, saturated, unsaturated 
or aromatic rings, containing from 4 to 6 carbon atoms, optionally containing one or more 
heteroatoms; 

M is a transition metal belonging to group 3, 4, 5, 6 or to the lanfhanide or actinide groups of 
the Periodic Table of the Elements (TUPAC version); 



(CpXSiR^CCp)]^ 
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the substituents L, equal to or different from each other, ate monoanionic Sigma ligands 
selected from the group consisting of linear or branched, saturated or unsaturated C1-C20 alkyl, 
C3-C20 cycioalkyl, C6-C20 zryl, C 7 -C 2 o aJkylaryl and C7-C20 arylalkyl groups, optionally 
containing one or more Si or Ge atoms; preferably, the substituents L are the same; 
q is an integer ranging from 0 to 2, being equal to the oxidation state of the metal M minus 2; 
said process comprises the following steps: 

a) reacting, at a temperature of between -10°C and 70°C, a ligand of formula (Y- 
Cp)(SiR A 2)(Cp-Y) with about 2 molar equivalents of an alkylating agent of formula 
TH W> LjB or LMgL', wherein Cp, R l , and L have the meaning reported above; T is 
j ithiium? sodium or potassium, H is an hydrogen atom, w is 0 or 1, when w is 0 the 
compound TH W is metallic lithium, sodium or potassium, when w is 1 the compound of 
formula TH W is an hydride of lithium, sodium or potassium, L* is an halogen atom 
selected from chlorine, bromine and iodine; B is an alkali or alkali-earth metal; and j is 1 
or 2, j being equal to 1 when B is an alkali metal, and j being equal to 2 when B is an 
alkali-eaith metal; the groups Y, the same or different from each others are suitable 
leaving groups; 

b) after the reaction has been completed, La in a time ranging from 1 minute to 6 hours, 
preferably from 20 minutes to 5 hours, adding at least q molar equivalents, preferably at 
least 1+q molar equivalents, of an alkylating agent of formula LjB or LMgL*; and 

c) reacting, at a temperature of between -10°C and 70°C, the product obtained from step b) 
with at least 1 molar equivalent of a compound of formula ML's, wherein M have the 
meaning reported above; s is an integer corresponding to the oxidation state of the metal 
and ranges from 3 to 6; and L' is an halogen atom selected from chlorine, bromine and 
iodine. 

In the metallocenes of formula (1), preferably R 1 is a hydrogen atom, a metliyl or a phenyl 

radical; — — 

the ligand Cp, which is ^-bonded to said metal M, is preferably selected from the group 
consisting of cyclopentadienyl, mono-, di-, lii- and tetra-methyl cyclopentadienyl; 4-Wyl- 
cyclopentadienyl; 4-adamaotyl-cyclopentadienyl; iudenyl; mono-, di-, tri- and tetra-methyl 
indenyl; 4,5,6,7-tetrahydroindenyl; fluorenyl; 5,1 0-dihydroindeno[l,2-b]indol-10-yl; N- 
methyl- or N-phenyl-5, 1 O-dihydroiadeno ^ 
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yl; N-methyl-or N-phenyl-5,6~dihydroi^^^ azapentalene~4-yl; 
thiapentalene-4-yl; azapentalene~6-yl; thiapentalene-6-yl; mono-, di- and tri-mefhylr 
azapentalene-4-yl, 3-ph^yl-2-5-dimet3iyl-thiapentalene-4-yl. 
The metal M is preferably Ti, Zr or Hf, more preferably it is Zr. 

The substitueats L are preferably the same and preferably they are C1-C7 alkyl groups, QrCu 

aryl groups and Cy-Cu arylalkyl groups, optionally containing one or more Si or Ge atoms; 

more preferably, the substituents L are selected from the group consisting of methyl, ethyl, n- 

butyl, sec-butyl, phenyl, benzyl and -GH2Si(CH 3 ) 3 . 

Non-limiting examples of metallocene compounds of fonnula (1) are: 

diTOeAylsilanediylbis(indenyI)2droonium dimethyl, 

dimetkylsilanediylbis(2-me^ 

dimetbylsilanediylbis(4-n^^ dimethyl, 
diraethylsilanediylbis(2-me1fty^ dimethyl, 
dimethylstlanediylbis(2-me dimethyl, 
dime1hylsilanediylbis(2-m^ dimethyl, 
dimethylsilanediylbis(2^ dimethyl, 
dimethylsilanediylbis(2-meth^ dimethyl, 
dimelhylsilanediylbis(2,4,7-trimethylindeny^ dimethyl, 
dimethylsilan<^ylbis(2 dimethyl, 
dimethylsilanediylbis(2,5 > 6-trimethylm^ dimethyl, 
roethyl(phenyl)sil^ 
zirconium dimethyl, 
methyl(phenyl)silanediylb^^ 
zirconium dimethyl, 

dimethylsilandiylbis (4,7-dimethylindenyl)zirconium dimethyl, 
-dimeihylsilandiylbis^(^^^ ' " ™ 

diraethylsilanediyi(3-tert-bu^ dimethyl, 
diTOethylsilanediyl(34sop^ dimethyl, 
dime1hyl$ilanediyl(3~methyl^ 
diniethylsilanediyl(3-ethyl-cycl^^ 

dimethyl$i!anediylbis-6-(3-mefhylcyclopentadienyl-[l ,2-b]-thiophene) dimethyl; 
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dimethylsUanediy1bis«6-(4-methylcyclopentad^ 

dimetftyl$ilanediylbis^-(^ 

dimethyl; 

dimetliylsxltoediylb^ 
dimethyl; 

dimethylsilaudiylbis-^^ 
dimethyl; 

diffiethylsilancftylbi^ 
dimetoylsilandiylbis^^^ 
fhiophene)zircomum dimethyl; 
dimethylsilandiylbis^-^ 
thiopbene]zirconium dimethyl; 
(Mmethylsilaiidiylbis^^ 
thiophene]zimomum dimethyl; 
dtaethylsilandiylbis-6~p^ 
thiophenejzirconmm dimethyl; 
dimethylsUan<tiylbis-6<2/*,5^^ 
thiophene)zirconium dimethyl; 
dimethylsilandiylbis-^ 
ditne&yl; 

dimethylsilandiylbis^^ 
thiophene)zirconium dimethyl; 
dimethyldlandiylbis^ 
thiophene)zirconiiim dimethyl; 
dimetftyldlandiylbis-6<2,5-ditrimethylsUyl-^ 

-thiophene)zircotiiura dimethyl;- = — r— * , — . 

dime&ylsilandiylb^ dimethyl; 
dimetixylsiland^ dimethyl; 
dimelhylsilandtylM^ dimethyl; 
dime&ylsilandiylb^^ 1 9 2-b]-silole)zirconium 
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dimemylsilanmylbis-QH2,5^ewtf^ 
silole]zirconiura dimethyl; 
dimemylsil^diylbi^6-[2>dim^^ 
silole]zircoiiram dimethyl; 
dimemylsil^ylbis-e-foS-dime^ 
silole];rirconium dimethyl; 
dimethylsilandiylbis-6-(2A5-to 
dimethyl; 

[dimethylsilyl(2^memyl-l-i^ 
yl)]titaniwn dimethyl; 
[dimetbylsUyl(2-memyM 
2-yl)]titamuTO dimethyl; 

[dimemylsily](2-memyl-l-mdenyl)][(6-memoxy-N-mem^ 

b]indol-2-yT)]titamvim dimemyl; 
[dimethylsUyl(2Hmemyl-l-^^ 
yl)]titanium dimethyl; 
[dimemylsUyl(2-mefoyI-l-mde^ 
yl)]titaraum dimethyl; 

[dimdhylsilyl(2-memyl-l-indenyl)][(6-memy^ 

yl)]titanium dimethyl; 
[dimemyteilyl(2-memyi4-md^ 
b]indol2-yl)]titaniiira dimethyl; 
[dfaieihylsilyi(2-met^ 
b]indol-2-yl)Jtitanium dimethyl; 
_ I^memyT^yl(2^aBmyl^-mde^ 
b]indol-2-yl)]titanium dimethyl; 
[dimemylsilyl(2<nemyl-l^^ 
2-yl)]titanuTm dimethyl; 

as well as the corresponding diben2yl and diphenyl, compounds. 
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In an embodiment, the present invention relates to a process for preparing a silicon-bridged 
metalloccne compound of formula (IT); 
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wherein: 

M, L, q and R 1 have the meaning reported above; 

R 2 , equal to or different from each other, is a hydrogen atom or a linear or branched, 
saturated or unsaturated Ci-CValkyl, C^-C^cycioalkyl, <VC2o-aiyl, CrQzo-alkylaxyl or 
CVGwraiyMkyl radical, optionally containing heteroatoms belonging to groups 13-17 of the 
Periodic Table of the Elements; 

R 3 , R 4 R 5 , R 6 and R 7 , equal to or different from each other, are a hydrogen atom or a linear or 
branched, saturated or unsaturated Ci~C 2 <ra&yh C3-C^-cycloalkyl 9 Q-Qjo-aryl, 
C7-C2o-alkyIaiyl or Cy-Qo-arylalkyl radical, optionally containing heteroatoms belonging to 
groups 1 3-17 of the Periodic Table of the Elements; two vicinaj R 3 , R 4 , R 5 , R 6 and R 7 can also 
form one or more condensed 5 or 6 membered saturated or unsaturated rings optionally 
containing heteroatoms belonging to groups 13-16 of the Periodic Table of the Elements, said 

"rings can bear alley! subsfiTOmts! s— — ^ — _ — ~ .. . — 

said process comprises the following steps: 

a) reacting, at a temperature of between -1 0°C and 70°C, a Kgand of formula (HI) 
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(HI) 

and/or one of its double bond isomers; 

wherein R 1 , R 2 , R\ R 4 , R 5 , R* and R 7 have the meaning described above; with about 2 
molar equivalents of an alkylating agent of formula TH W , LjB or LMgL% wherein L 
has the meaning reported above; T is lithiura, sodium or potassium, His an hydrogen 
atom, w is 0 or 1, when w is 0 the compound TH W is metallic lithium, sodium or 
potassium, when w is 1 the compound of formula TH W is an hydride of lithium, 
sodium or potassium, L' is an halogen atom selected from chlorine, bromine and 
iodine; B is an alkali or alkali-earth metal; and j is 1 or 2, j being equal to 1 when B is 
an alkali metal and j being equal to 2 when B is an alkali-earth metal; the groups Y, 
the same or different from each other, are suitable leaving groups as reported above; 

b) after the reaction has been completed, i.e. in a time ranging from 1 minute to 6 hours, 
preferably from 20 minutes to 5 hours, adding at least q molar equivalents, preferably 
at least 1+q molar equivalents, of a compound of formula LjB or LMgL'; and 

c) reacting, at a temperature between -10°C and 70°C, the product obtained from step b) 
with at least 1 molar equivalent of a compound of formula ML%, wherein M have the 

- i a e3Hm~g^poifed7 r ab^ siata °f ^ 

metal and ranges from 3 to 6; and L* is an halogen atom selected from chlorine, 
bromine and iodine. 

In the compounds of formulas (II) and (HI) R 2 is preferably a linear or branched, saturated 
or unsaturated Ci-C2o-alkyl radical; 
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R 4 is preferably hydrogen atom, a Ci^o-alkyl radical, a C^C^sry} radical or foira with R 5 a 
condensed benzene ring; 

R 5 preferably is a hydrogen atom, a C r C 2 o-alkyl radical or form with R 4 a condensed 
benzene ring; 

R* and R 7 are preferably a hydrogen atom or a linear or branched, saturated or unsaturated 
Ci-Qo-alkyl radical. 

In a further embodiment, the present invention relates to a process for preparing a silicon- 
bridged metallocene compound of formula (IV): 




atom, or a linear or branched, "saturated or unsaturated CT-Qzralkyl, C 3 -C^-c>^ioa%T^ 
Q r C2Q-aryi, CrCso-all^laryl or C7-C2o-arylalkyl radical, optionally containing heteroatoms 
belonging to groups 13-17 of the Periodic Table of the Elements; 
said process comprises the following steps; 

a) reacting, at a temperature between -10°C and 70°C, a ligand of formula (V) 
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(V) 

or one of its double bond isomers; 

wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 and R* have Hie meaning described above; 
with about 2 molar equivalents of an alkylating agent of formula TH W , LjB or LMgL\ 
wherein L has the meaning reported above; T is lithium, sodium or potassium, H is an 
hydrogen atom, w is 0 or 1, when w is 0 the compound TH W is metallic lithium, 
sodium or potassium, when w is 1 the compound of formula TH W is an hydride of 
lithium, sodium or potassium, L' is an halogen atom selected from chlorine, bromine 
and iodine; B is an alkali or alkali-earth metal; and j is 1 or 2, j being equal to 1 when 
B is an alkali metal, and j being equal to 2 when B is an alkali-earth metal; the groups 
Y, the same or different from each other, are suitable leaving groups; 



b) after the reaction has been completed, i.e. in a time ranging from 1 minute to 6 hours, 
preferably from 20 minutes to 5 hours, adding at least q molar equivalents, preferably 
at least 1+q molar equivalents, of a compound of formula L)B or LMgL'; and 

c) reacting, at a temperature between -10*C and 70°C, the product obtained from step b) 
with at least 1 molar equivalent of a compound of formula ML' 8 , wherein M have the 
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meaning reported above; s is an integer corresponding to the oxidation state of the 
metal and ranges from 3 to 6; and L' is an halogen atom selected from chlorine, 
bromine and iodine. 

The metallocene compounds of formulas (I), (IT) and (IV) can be finally isolated from the 
reaction mixture obtained in step C) and optionally purified according to standard procedures. 
Said process allows to obtain the cyclopentadienyl metallocene compounds of fonnula (T) in 
very high yields, by means of a very practical and convenient one-pot reaction. 
The leaving group Y is preferably an hydrogen atom a -SiR 3 or —S11R3 group, wherein the 
groups R are linear or branched, saturated or unsaturated CrC 2 o-aIkyl, C 3 -C2o-cycloalkyl, 
Ca-C2o-aryl, CrC 2 o-aIky]aiyl or Cy-C^arylalkyl radicals; more preferably Y is a hydrogen 
atom. 

In the reactant ML%, the metal M is preferably Ti, Zr or Hf, and the substituents L* are 
preferably the same and are chlorine atoms; the variable s ranges ftom 3 to 6 and corresponds 
to the oxidation state of the metal M; examples of compounds MI* are ZrCU, ZrBr 4> ZrF 4 , 
HfCU, H£Br 4 , HfF 4 , TiCU, TiBr 4 and TiF* Compounds of formula MLs can be used in the 
form of a stabilized derivative, such as an etherate complex. 

Examples of compound of formula TH W are metallic sodium or potassium, sodium hydride 
and potassium hydride. 

In the LjB and LMgL' alkylating agents, L is preferably a C t -C 7 alkyl group, a C5-C14 aryl 
group, or a (VC14 arylalky] group, optionally substituted with Si or Ge, and more preferably L 
is selected from the group consisting of methyl, ethyl, n-butyl, sec-butyl, phenyl, benzyl and - 
CH 2 Si(CH3)3; even more preferably, L is methyl 

In the compound LjB, B is an alkali or alkali-earth metal, and preferably B is li or Mg; j can 
be 1 or2„ as already reported. 

The compound LMgL' is a Grignard reagent, wherein Mg is magnesium and L and L' have 

the meanings-reported above;-Lr is preferably CI or Br. = - — ™-r^ . 

The alkylating agents used in steps a) and b) can be the same or different For example, 
butylithium or sodium hydride can be used in step a) and methyl lithium can be used in step 
b). This gives rise to a further advantage for the reason that it is possible to use stronger and 
sometimes less expensive reagents in step a) without influencing the choose of the substituents 
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According to an embodiment of the process of the invention, said alkylating agent is 
methyllithium. 

According to an embodiment, the process of the invention is carried out in an aprotic solvent, 
eifoer polar or apolar, said aprotie solvent is preferably an atomatic or aliphatic hydrocarbon 
or an ether. 

Steps a) and b) are more preferably carried out in etherate solvents or mixtures of etherate 
solvents with hydrocarbons. Examples of etherate solvents are diefoylether, tetrahydreruran 
diisopropylether, dioxane, dimetoxyetoaneorniixtuiesfoereof. 

In step c) the compound ML\ can be added as such, as a suspension or solution in a 
hydrocarbon solvent, or as a solution or a suspension in an etherate solvent 
According to another embodiment of the process of the invention, in step a) the starting 
ligands are previously dissolved in an aprotic solvent and to the resulting solution about 2 
equivalents of the alkylating agent TH W , LjB or LMgL* are added; this addition is preferably 
carried out at a temperature ranging from -5°C to +30°C, and more preferably from 0°C to 
25°C, over a period of 5-45 minutes, and more preferably of 10-20 minutes. The alkylating 
agent is preferably added slowly in the fonn of a solution in one of the above mentioned 
aprotic solvents. 

The thus obtained reaction mixture is preferably allowed to react, under stirring, for a period 
ranging from 1 minute to 6 hours, and more preferably from 20 minutes to 5 hours, at a , 
temperature preferably comprised between -5°C and +55°C, and more preferably at a 
temperature between 0°C and 50°C. 

After the reaction has been completed, i.e. all the cyclopentadienyl ligand reacted with foe 
alkylating agent, at least q equivalents preferably q+1 equivalents of said alkylating agent are 
added at a temperature comprised between -10°C and +70°C, preferably at a temperature 
between -5°C and 55°C. 
— Then-me-mjxture^btai^ 
between 0 D C and 60°C, and more preferably between 20°C and 50°C. Afterwards the 
compound ML' S is quickly added to foe mixture, in the form of a solution or suspension in one 
of the above mentioned aprotic solvents, preferably toluene. 
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The reaction mixture is then allowed to react for a period ranging from 1 0 minutes to 36 hours, 
and more preferably from 1 hour to 18 hours, at a temperature comprised between 0°C and 
60°C, and more preferably between 20°C and 50°C 

The thus obtained rnetallocene compounds of formula Q) can be isolated according to 
customary procedures. Mixtures of racemio and meso isomers can be obtained and pure 
isomers can be separated in high yields by using standard procedures. 

The metallocene compounds obtained with the process according to the present invention can 
be used as catalyst for the homo or co-polymerization of olefins, in particular of a-olefins of 
formula CH2=CHT wherein T is hydrogen or a Cx-Qzo alkyl, such as ethylene propylene, 
1-butene, 1-pentene, 4-methyM-pentene, 1-hexene and 1-octene, in combination with 
alumoxanes and/or organometallic aluminum compounds. They can be advantageously used 
for the production of polyethylene, especially HDPE and LLDPE, isotactic, syndiotactic or 
atactic polypropylene. 

Furthermore, they can be used in the copolymerization of ethylene with cycloolefins, such as 
cyclopcntene, cyclohexene, norboniene and 4,6-dimethyl«l-hcptene f or in ethylene 
copolymerization with polyenes, such as 1,4-hexadiene, isopreue, 1,3-butadiene, 
1,5-hexadiene and 1,6-heptadiene. 

Finally, they can be advantageously used in olefin oKgomerizatkm and hydrogenation 
reactions. 

The above metaJlocenes form suitable polymerization catalytic systems in association with 
alumoxanes of formula: 

R\ JRtt 
Al— O-Al/ 

wherein the substituents R u can be Ci-Cio alkyl, alkenyl or alkylaryl radicals, optionally 
containing one or more Si or Ge; 



or in association with an organometallic aluminum compound of formula AlR w 3 .*H 2s wherein 
R u can be Ci-C 1( ) alkyl, alkenyl or alkylaryl radicals, optionally containing one or more Si or 
Ge atoms, and z ranges from 0 to 2 being also a non integer number, and water. 
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Particularly suitable alumoxanes, acting as cocatalysts with the above metallocenes, ate 
inethylalumoxane (MAO), M$(2-methy1-piopyl)alunioxane (TIBAO) and 2,4,4~trime£hyl- 
pentylalumoxane (TIOAO). 

Non-limiting examples of organometallic aluminum are trimerthylaluminum (TMA), 
tris(2,4,44rime1hyl-pera^ (TIOA), tris(2-inetlxyl-propyl)a]uininum (TIBA), 

trfs(2,3,3^trimethyl-butyl)alumini^ tris(2^-dimethyl-hexyl)alummum, tris(2,3-dimethyl- 
butyl)aluminum f tris(23-dtaethyl-pentyl)aluminum f tris(2 a 3~dimethyl-lieptyl)aluininuni > 
tris(2-ix^thyl-3-ethyl-pentyl)aluminum and txis(2^>i-3 J 3H3imethyl«butyl). 
Other suitable cocatalysts are compounds capable of forming a metallocene cation, having 

formula Y*2T, wherein Y 4 " is a Bttfnsted acid (such as Pl^C 1 " or HlsTCn-Bu^) and ZT is a 

non-coordinating anion (such as fB(CsF5)4]" tetrakis-pentafluorophenyl borate), able to 

stabilize the active catalyst species and sufficiently labile to be displaced by an olefinic 
substrate. 

The above catalysts can be used on inert supports, such as silica, alumina, 
styrene/divinylbenzene copolymers, polyethylene or polypropylene. Those supported catalysts 
are particularly suitable in gas phase polymerizations. 

The polymerization processes can be carried out in liquid phase, optionally in the presence of 
an inert hydrocarbon solvent either aromatic (e.g. toluene) or aliphatic (e.g. propane, hexane, 
heptane, isobutane, cyclohexane and 2,2,4-trimethylpentane). The polymerization temperature 
generally ranges from about 0°C to about 250°C, and preferably from 20 to 150°C. 
The following examples are given for illustrative and not limitative purposes. 
EXAMPLES 

General procedures and characterizations. 

All operations were performed under nitrogen by using conventional Sehlenk-linc 

B - techmques^Solvents^ere^ 

hours, N2 purge, 300 °C) AbCb, and stored under nitrogen. MeLi (Acros or Aldrich or 

Fluka) and ZrCLj (Aldrich) were used as received The exact concentration of the 

commercial MeLi solution in diethyl ether was determined by a potentiometric titration 

with HC1 of 2 mL of MeLi solution, previously treated with 20 mL of deionized water to 

form LiOH- Bis(2-me1hyl-4-phenyl-indenyl)dimethylsilane was prepared by following the 
(FBsooo-BP) 
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procedure described in Example A of the European Patent Application No. 0576970 Al. 
MezSiCk (Aldrich) was used as received, while technical indene (Aldrich) was purified by 
passing over activated AI2O3. 

The proton spectra of ligands and metallocenes were obtained on a Bruker DPX 200 
spectrometer operating in the Fourier transform mode at room temperature at 200-13 MHz. 
The samples were dissolved in CD2CI2 or C<sD$. CoOs (Aldrich, 99.6 atom % D) was stored 
over molecular sieves (4-5 A), while CD2CI2 (Aldrich, 99.8 atom % D) was used as 
received. Preparation of the samples was carried out under nitrogen using standard inert 
atmosphere techniques. The residual peak of CHDCI2 or CdHD 5 in the *H spectra (5.35 ppm 
and 7.15 ppm, respectively) was used as a reference. ~~ " 
Proton spectra were acquired with a 15° pulse and 2 seconds of delay between pulses; 32 
transients were stored for each spectrum. 

The element contents were determined by different analytical techniques: fbr C-H by 
Elemental Analyser (CHNS-O), a Carlo Erba instrument mod. EA 1108 (applied directly on 
the sample); for Zr by Inductively Coupled Plasma (TCP) on an, ARL 3580 instrument, after 
strong acidic decomposition of the sample. 
Example 1 Synthesis of Me3Si(2-Me-4-PMnd)2ZrMez 

A 1.6 M Meli solution in ethyl ether (23.7 mL, 37.92 mmol, MeLi:M^Si(2-Me-4-Ph-Ind)2 
= 2.10:1) was added dropwise at room temperature to an orange solution of 8.45 g of bis(2- 
methyl^phenyl-mdeuyl)dimethylsilane <MW = 468.72, 18.03 mmol) in 7.6 mL of THF 
and 140 mL of toluene. At the end of the addition, the reaction mixture was stirred for J h 
at room temperature and then for 1 h at 40°C. Additional 35.3 mL of MeLi 1.6 M in Et 2 0 
(56.48 mmol, total eq. of MeLi = 5.24 with respect to the starting ligand) were added 7 
minutes before the metallation. Then the dilithium salt solution (containing an excess of 
MeLi) was added at 45°C in 20 min to a slurry of ZrCl 4 (4.20 g, MW = 233.03, 18.02 
-mmol* ^-ZrCl4:Me 2 Si(2-Me-4-Ph-Ind)2 -=* l-Oi-l^inHieO-mL-of^toluenerpreviously heated* at- 
45°C too. At the end of the addition a dark brown (almost black) suspension was obtained. 
After 10 min stirring a l H NMR analysis in CD2CI2 showed complete conversion of the 
starting ligand to the dimethyl compound. The reaction mixture was concentrated to a final 
volume of 40 mL and under stirring filtered on a G3 frit. The residue was extracted at 60°C 
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with toluene until the solution resulted to be colourless. The extract in toluene was dried 
under reduced pressure to give a yellow powder as productYield 70%. 
Anal. Calcd. tor C^aSiZr. C, 73.54%; H, 6.17%; Si, 4.78%; Zr, 15.51%: Found: C, 
73.2%; H, 5.9%; Zr, 14.7%. 

Comparative Example 2 Synthesis of Me 1 Si(2^Me-4-PhInd) 2 ZrMe 2 
A 1.6 M MeLi solution in ethyl ether (7.60 mL, 12. 16 mmol, Meli:Me2Si(2-Me-4-Ph-lhd)2 
« 4:1) was added dropwise at room temperature to a yellow solution of 1.42 g of bis(2- 
meihyl-4-phenyHndenyl)dimeuiylsilane (MW = 468.72, 3.03 mmol) in 32 mL of /-Pr 2 0 
and 30 mL of toluene. During the addition the colour turned from yellow to orange and a 
light exofhemucity (+ 4°C) was observed. The dihthium salt solution containing a MeLi 
excess was stirred for 1 h at room temperature, then a slurry of ZrCL, (0.70 g, MW = 
233.03, 3.00 mmol, 2iCL:Me3Si(2-Me-4~Ph-Ihd)2 « 1:1) in 10 mL of toluene was added at 
the same temperature. After 2 h stirring the resulting brown suspension was analysed by J H 
NMR in CD 2 C1 2 , which showed mainly formation of Me z Si(2-Me-4~Ph-md) 2 Zr02 and only 
traces of the desired dimethyl compound. 

Comparative Example 3 Synthesis of Me2Si(2-Me-4-J?hInd) 2 ZrMe 2 
A 1.72 M MeLi solution in ethyl ether (6.25 mL, 10.75 mmoJ, MeLi:Me2Si(2-Me-4-Ph- 
fcid) 2 = 4:1) was added dropwise at 0"C to a yellow solution of 1.26 g of bis(2-methyl-4- 
phenyl-mdmy])dimethylsilane (MW => 468.72, 2.69 mlmol) in 15 mL of /-Pr 2 0, 5 mL of 
THF and 10 mL of toluene. Dining the addition the colour turned from yellow to orange- 
brownish. The dilithium salt solution containing a Meli excess was allowed to warm up to 
room temperature and stirred for 1 h. Then a slurry of ZrCL (0.63 g, MW - 233.03. 2.70 
mmol, ZTCLiMeaS^-Me^-Ph-md^ = 1:1) in 15 mL of toluene was added at room 
temperature. After 1 h stirring the resulting brown suspension was analysed by 'H NMR in 
Cp2Cl 2 , which showed mainly formation of Me 2 Si(2-Me-4-Ph-Iud) 2 ZrCl 2 and only traces 

xyfifaeTdesireb^dimethyl^ — - ■- - ■ - - ■ ■ - 

Comparative Example 4 Synthesis of Me 2 Si(2-Me-4-FhInd) 2 ZrMe 2 
A 1.6 M MeLi solution in ethyl ether (6.70 mL, 10.72 mmol, MeLi:Me2Si(2-Me-4~Ph-Ind) 2 
- 2.01:1) was added dropwise at room temperature to a suspension of 2.50 g of bis(2- 
methyl-4-phenyl-indenyI)dimethylsaane (MW = 468.72, 5.33 mmol) in 5.0 mL of iPr 4 0 
and 35 mL of toluene. At the end of the addition, the reaction mixture was heated at 40°C 
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for 1.5 h, then the resulting orange solution was added of additional 8.4 mL of MeLi 1 .6 M 
in Et 2 0 (13.44 ramol, total eq. of MeLi = 4.5 with respect to the starting ligand). Ajfter 5 
min the dilithium salt solution (containing an excess of MeLi) kept at 45°C was added in IS 
min to a slurry of Z1CI4 (1.25 g, MW <- 233.03, 5.36 mmol, ZrCl4:Me2Si(2-Me-4-Ph-Ind)2 - 
1.0:1) in 30 mL of toluene, at 75°C. At the end of the addition a dark brown (almost black) 
suspension was obtained. After 5 rain stirring a 'H NMR analysis in CD2CI2 showed traces 
of the dimethyl compound. 
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CLAIMS 

1 . A process for preparing silicon-bridged metallocene compounds of formula (I): 

(CpXSiR^XCp)]^ (J) 
wherein (SiR^) is a divalent group bridging the two Cp rings, the R 1 groups, equal to or 
different from each other, are hydrogen atoms, or a linear or branched, saturated or 
unsaturated CVC20 alkyL, C^C^o cycloaflcyl, C6-C20 aryl, C7-C20 alkylaryl or C7-C20 
aiylalkyl group, two R 1 can optionally join to form a 3-7 inembered ring; 
Cp, equal to or different from each other, is a substituted or unsubstituted 
cyciopentadienyl group, optionally condensed to one or more substituted or 
unsubstituted, saturated, unsaturated or aromatic rings, containing from 4 to 6 carbon 
atoms, optionally containing one or more hetcroatoms; 

M is a transition metal belonging to group 3, 4, 5, 6 or to the lanthanide or actinide 
groups of the Periodic Table of the Elements (IUPAC version); 
the substituents L, equal to or different from each other, are monoanionic sigma ligands 
selected from the group consisting of linear or branched, saturated or unsaturated C1-C20 
aftyl, C3-C20 cycloaDcyJ, Ce-Qso aryl, C7-C20 alkylaryl and C7-C20 arylalkyl groups, 
optionally containing one or more Si or Ge atoms; 

q is an integer ranging from 0 to 2, being equal to the oxidation state of the metal M 
minus 2; 

said process comprises the following steps: 

a) reacting, at a temperature of between -10°C and 70°C, a ligand of formula (Y- 
Cp)(SiR l 2)(Cp-Y) with about 2 molar equivalents of an alkylating agent of 
formula TH W , LjB or LMgl/, wherein Cp, R 1 , and L have the meaning reported 
above; T is lithium, sodium or potassium, H is an hydrogen atom, w is 0 or 1, 
when wisOthe compound THw is metallic lithium, sodium or potassium, when w 

- i s-Hhe-compoand^^ - 

L 7 is an halogen atom selected from chlorine, bromine and iodine; B is an alkali or 
alkali-earth metal; and j is 1 or 2, j being equal to 1 when B is an alkali metal, and 
j being equal to 2 when B is an alkali-earth metal; the groups Y, the same or 
different from each other, are suitable leaving groups; 
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b) after the reaction has been completed, adding at least q molar equivalents of an 
alkylating agent of formula LjB or LMgL'; and 

c) reacting, at a temperature of between -10°C and 70°C, the product obtained 
from step b) with at least 1 molar equivalent of a compound of foimula ML/ S , 
wherein M have the meaning reported above; s is an integer corresponding to 
the oxidation state of the metal and ranges from 3 to 6j and TJ is an halogen 
atom selected from chlorine, bromine and iodine. 

2. The process according to claim 1, for preparing a silicon-bridged metallocene 
compound of formula (JI): 




wherein: 

M, L 7 q and R 1 have the meaning reported m claim 1 ; 

R 2 , equal to or different from each other, is a hydrogen atom or a linear or branched, 
saturated or unsaturated Ci-C 2 o-alkyl, C 3 -(VcycloaIkyI, QrC 2 o-aiyl. C 7 -C2o-alkylaiyl 
or C7-C2o-arylalkyl radical, optionally containing heteroatoins belonging to groups 13- 

" r7r ~~\ 7^rthePOTWcT^Ie^tl^lements; ~ ™ 

R 3 , R 4 , R 5 , R 6 and R 7 , equal to or different from each other, are a hydrogen atom or a 
linear or branched, saturated or unsaturated CrC2o-alkyl, C 3 -C2o-cycloalkyl, 
Cfi-CW-aryl, Cj-Qo-aikylaxyl or C 7 -(^arylaEkyl radical, optionally containing 
heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements; two 

vicinal R 3 rR 4 > ~RV^~^~R 7 ~^~a'lso form one or mrae~condensed~5 or 6'membefed ~ 
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saturated or unsaturated rings optionally containing heteroatoms belonging to groups 
13-16 of the Periodic Table of the Elements, said rings can bear alkyl substituents; 
said process comprises the following steps: 

a) reacting, at a temperature of between ~10°C and 70°C, a ligatxd of formula (IK) 





R 4 








R 7 








R 5 ^ 




J,4 



-R 



(HO 

or one of its double bond isomers; 

wherein R\ R 2 , R 3 , R 4 , R 5 , R 6 and R 7 have the meaning described above; with 
about 2 molar equivalents of an alkylating agent of formula TH^ L,B or LMgL% 
wherein L has the meaning reported above; T is lithium, sodium or potassium, H 
is an hydrogen atom, w is 0 or 1, when w is 0 the compound TH W is metallic 
lithium, sodium or potassium, when w is 1 the compound of formula THw is an 
hydride of lithium, sodium or potassium, L' is an halogen atom selected from 
chlorine, bromine and iodine; B is an alkali or alkali-earth metal; and j is 1 or 2, j 
being equal to 1 when B is an alkali metal, and j being equal to 2 when B is an 
alkali-earth metal; the groups Y, the same or different are suitable leaving groups; 
after the reaction has been completed, adding at least q molar equivalents, of a 
'cS^^^V^^^^wim^^m^ — ■• - - 



c) reacting, at a temperature of between -1 0°C and 70°C, the product obtained from 
step b) with at least 1 molar equivalent of a compound of formula ML%, wherein 
M have the meaning reported above; s is an integer corresponding to the oxidation 
state of the metal and ranges from 3 to 6; and V is an halogen atom selected from 
chlorine, bromine and iodine. 
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3. The process according to claims 1 or 2, for preparing a silicon-bridged mctalloceue 
compound of formula (IV): 

R 8 




(IV) 

wherein: 

M, L, q, R\ R z 9 R 3 , R 5 , R 6 and R 7 have the meaning described in claims 1 or 2; and R 8 
is a hydrogen atom, or a linear or branched, saturated or unsaturated Ci-C20-alkyl, 
C3-C 2 o-cycloalkyI, Qs-Cso-aiyl, Cv-Cao-alkylaxyl or Cy-Qjo-arylallcyl radical, optionally 
containing heteroatoms belonging to groups 13-17 of the Periodic Table of the 
Elements; 

said process comprises the following steps; 

a) reacting, at a temperature of between -10°C and 70°C, a ligand of formula (V) 



(FB6D00-EP) 



032 08.01.2002 10:25 




00 

or one of its double bond isomers; 

wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 and R 8 have the meaning described above; 
with about 2 molar equivalents of an alkylating agent of formula TH W , LB or 
LMgLY wherein L has the meaning reported above; T is lithium, sodium or 
potassium, His an hydrogen atom, w is 0 or 1, when w is 0 the compound TH W is 
metallic lithium, sodium or potassium, when w is 1 the compound of formula TH W 
is an hydride of Uthium, sodium or potassium, L' is an halogen atom selected 
from chlorine, bromine and iodine; B is an alkali or alkali-earth metal; and j is 1 or 
2, j being equal to 1 when B is an alkali metal, and j being equal to 2 when B is an 

alkali-earth metal; the groups Y, the same or different from each other, are suitable 

leaving groups; - — • - - ■ ■ - • •• - 

b) after the reaction has been completed, adding at least q molar equivalents of a 
compound of formula L,B or IMgL'; and 

c) reacting, at a temperature of between -10°C and 70°C, the product obtained from 
step b) with at least t molar equivalent of a compound of formula ML' S , wherein 
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M have the meaning reported above; s is an integer corresponding to flie oxidation 
state of the metal and ranges from 3 to 6; and L' is an halogen atom selected from 
chlorine, bromine and iodine. 

4. The process according to anyone of claims 1 to 3 wherein step b) is carried out in a 
time ranging from I minute to 6 hours after step a). 

5. The process according to anyone of claims 1 to 4 wherein Y is a hydrogen atom or a - 
SiR 3 or -SnR 3 group, wherein the groups R are linear or branched saturated or 
unsaturated Ci-Cao-alkyl, Cs-Quroycloalkyt, Ce-Cao-aryi, C 7 -Cko-alkylaryl or 
Cr-C20-arylalkyl radicals. 

The process according to anyone of claims 1 to 5 wherein the motal M i s Ti, Zr orHf . 

7. The process according to anyone of claims 1 to 6 wherein the compounds MU are 
ZrCl* ZrBr* ZrF 4 , HfCL,, HfBr 4 , HfF* TiCU, TiBr 4 and TiF 4 ; 

8. The process accoiding to anyone of claims I to 7 wherein in step b) 1+q molar 
equivalents of a compound of formula LjB or LMgL' wherein L* and B have the 
meaning as described in claim 1 is added. 

9. The process according to anyone of claims 1 to 8 wherein Step a) and b) are carried 
out at a temperature ranging from -5°C and 4-55°C. 

10. The process according to anyone of claims 1 to 9 wherein step c) is carried out at a 
temperature ranging from 0°G and 60°C. 
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ABSTARACT 

A process for obtaining silicon-bridged raetallocene compounds comprising the following 
steps: 

a) reacting, at a temperature of between -10°C and 70°C, the starting ligand with about 2 
molar equivalents of an alkylating agent; 

b) after the reaction has been completed, adding at least 2 molar equivalents of an 
alkylating agent that can be also different from the first one; and 

c) reacting, at a temperature of between -10°C and 70°C, the product obtained from step 
b) with at least 1 molar equivalent of a compound of formula ML' S3 wherein M is a 
transition metal; s is an integer corresponding to the oxidation state of the metal; and 
L' is an halogen atom selected from chlorine, bromine and iodine. 
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